Abstract
The method for the reduction of pesticide residues in soft fruits based on utilization of ozone was proposed. The procedure allows for effective reduction of boscalid residues by 38% in raspberries, and about 58% thiram in blackcurrants. Furthermore, it can be used on an industrial scale.
Streszczenie
Została przedstawiona metoda redukcji pozostałości pestycydów w owocach miękkich z wykorzystaniem ozonu. Zastosowana procedura pozwala na skuteczne obniżenie pozostałości boskalidu o 38% w malinach, o 58% tiuramu w czarnej porzeczce. Ponadto, może być wykorzystywana na skalę przemysłową.
The origin of the raspberry and scheme pesticides spraying
Samples of Rubus L. (strain Laszka) were collected from a raspberry plantation localized in proximity of Kraśnik, a small town in southeastern Poland. The plantation covers an area of approximately 0.46 hectares. Fruits were collected randomly across the surface of the plantation. Overall, a 20-kg sample of plant material was collected. Then, out of this population several laboratory samples were prepared. They were investigated and the initial levels of pesticides residues were determined. Other samples of raspberry fruits were then exposed to detoxifi cation procedure based on utilization of ozone. A similar procedure was utilized to investigate the chances for the reduction of pesticide residues on the leaves of raspberry. For this purpose, a sample of 3 kg of leaves was collected. A portion of blackcurrant fruits was then exposed to detoxifi cation procedure based on utilization of ozone. Pesticides spraying was conducted three times. The fi rst allocation was done in April and the following applications were done in 14-day intervals. Product that was utilized for the protective measures was TIURAM GRANUFLO 80 WG at a dose of 4 kg/ha.
Device utilized in ozonation experiment
The apparatus for ozone treatment ( Fig. 1) consists of the chamber (1), which the inner space is linked via a pipeline (2) and the heater (3) with the pump (4) of the air. Also, the pipeline (2) before the chamber (1) is connected to a pipe supplying ozone (5) with the valve (6). In addition, the pump (4) via a pipe (7) with a three-way valve (8) is connected directly to the chamber (1). Also, the chamber is linked through a pipeline with the valve (8) to an ozone destroyer (9), which is preventing the contamination of the environment by residual ozone. Inside the chamber (1), there is a fan (10), which increases the mass exchange; the inner space of the chamber is coupled with its pressure gauge (11), a thermometer (12) and a sensor of the ozone concentration (13). The inner space is isolated from the environment by a gas-tight door (14). This device was used in combination with the Ozone Solution TS 30 ozone generator, and the ozone concentration was measured by the 106M UV-Ozone Solution detector, with a measuring range of 0-1000 ppm.
Ozonation procedure
A 1000 g of fruit was placed in individual packaging within a chamber (1). Then, the ozonation process was carried out for 60 min. During the procedure, the ozone concentration was maintained at 16 ppm and the gas fl ow rate of the ozone-air mixture was 4 m 3 /h. After 1 h of exposure, the mass reduction was found not to exceed 5%; moreover, fruits retained their taste and appearance. A similar procedure was also used for the raspberry leaves. A sample of 300 g of leaves was placed in the chamber. After the ozonation, there were no major changes in the appearance and the weight reduction was not greater than 10%. Ozonation of blackcurrant was conducted in parallel in aqueous solution of ozone and by gaseous ozone. Ozone bath and the treatment with ozone in gaseous phase coupled with drying process were performed according to the procedure described in Antos et al. [2013] with the exception that the treatment with ozone in gaseous phase coupled with drying process was conducted by means of a apparatus presented in Figure 1. 
Determination of pesticides residues

Extraction of the pesticides residue and GC analysis
Analytical portions of fruit (approximately 100 g) were homogenized for about 2 min with 150 ml of acetone with Waring blender. The homogenate was fi ltered on a Buchner funnel under vacuum and the fi lter cake was rinsed with 50 ml of acetone, and after thorough mixing, the fi ltrate volume was measured. One-fi fth of the fi ltrate was poured into a separatory funnel containing 100 ml of 2.5% sodium sulphate (VI) and 20 ml of dichloromethane and then shaken vigorously for about 1 min. After separation of the organic phase, the aqueous lower layer was dried with anhydrous sodium sulphate (VI) placed on a glass funnel. The aqueous phase was extracted twice with 10 ml of dichloromethane and the combined extracts were evaporated to dryness on a rotary evaporator. Residues were dissolved in about 10 ml of petroleum ether and loaded into a glass column containing a plug of cotton wool and 1.1 g of activated fl orisil and 4.5 g of anhydrous sulphate (VI) solution. Pesticides were eluted by a mixture of petroleum ether-diethyl ether and then by petroleum ether-acetone. Both eluates were evaporated to dryness and residues were dissolved precisely in 10 ml of petroleum ether. Analysis was conducted according to Szpyrka et al. [2013] . The fi nal analytical extracts were analyzed on Agilent (Palo Alto, CA, USA) 7890 gas chromatograph equipped with electron capture and nitrogen phosphorus detectors and fused silica column (HP-5 MS Ultra Inert column, 30-m length, 0.32-mm i.d. and 0.25-μm fi lm thickness; Agilent). The temperatures of the injector and detectors amounted accordingly to 250 and 300°C. The extracts of samples (2 μL) were injected in splitless mode. The oven temperature was programmed as follows: 100°C -0 min → 10°C/min → 180ºC -4 min → 3°C/min → 220°C -15 min → 10°C/min → 260°C -11 min; the total time of the analysis was 55.3 min. Nitrogen (purity 6.0) was the carrier gas for both detectors (fl ow: 4.14 mL min −1 ) and the makeup gas for the ECD (fl ow: 30 mL min−1) and NPD (fl ow: 10 mL min −1 ). For the NPD, hydrogen and air fl ows were kept at 3 and 60 mL min −1 , respectively. Recovery studies were carried out by spiking analytical portion of blank sample with stock pesticide solutions. Their average values for pyrimethanil, pyraclostrobin, boscalid, chlorpyrifos, cypermethrin, folpet, pirimicarb and cyprodinil were: 93.7%, 118.1%, 89.1%, 91.9%, 85.7%, 101.8%, 90.2% and 95.2% with Relative Standard Deviations not exceeding 10.7% (pyraclostrobin). The estimated limits of quantifi cations were 0.001 mg/kg for chlorpyrifos and 0.005 mg/kg for other pesticides.
Determination of thiram residues in fruits of black currant
Levels of DTC residues in analytical samples have been determined by their decomposition to carbon disulphide (CS2) in acidic environment with a presence of SnCl2. After that CS2 was transferred to methylene blue. Finally, the samples were analysed in aqueous solution on Unicam Helios spectrometer at 662 nm wave length [Chmiel 1979; Sadło et al. 2003 ]. DTC residues were expressed in mg of CS2 per kg of plant material. Recovery of DTC was 100.8% and limit of quantifi cation was 0.05 mg of CS2 /kg.
RESULTS AND DISCUSSION
To obtain representative results, three independent experiments were performed. During each experiment, three analytical samples were taken. The obtained results were analysed with a statistical test (test-t) of the signifi cance of the differences between two population means. No differences were found for the pesticide residues in fruits before and after ozonation at the significance level of α = 0.01 for all active substances except boscalid as presented in Figure 2 . The statistical analysis was carried out using MS EXCEL 2010. It was found that this substance was reduced by over 38%. The remains of this compound were at the highest level, because it was a component of the two preparations such as BELLIS 38 WG and Signum 33 WG, which were used in the protection. Probably, most residues of this compound were present on the surface of fruits, since the spraying with this agent was the latest method executed. The gaseous ozone had the opportunity to decompose the residues present at the fruit surface. Other compounds were either resistant to this oxidant or more likely had enough time to penetrate into the fruit deeply enough that they were beyond the reach of ozone. Similar observations were made during the experiment with leaves, also in this case only the reduction of boscalid by more than 13% was observed (Fig. 3) . The procedure was also utilized for the reduction of pesticide residues in blackcurrant fruit. Levels of thiram residues from both plantations were determined to be around 0.55 ± 0.02 mg CS2/kg for fi rst plantation and 0.4 ± 0.017 mg CS2/kg for the second plantation. In accordance with the results of earlier studies on degradation of mancozeb residues , it was possible to reduce the level of residual thiram both by washing in ozonated water (reduction by 38%) (Fig. 4a ) and using gaseous ozone in combination with drying (reduction by 58%) (Fig. 4b ).
CONCLUSIONS
1. Ozone is an effective agent that can be utilized for the reduction of pesticide residues on the fruit surface. 2. It was confi rmed that the group of dithiocarbamates fungicides are prone to degradation by ozone. 3. It was found that ozone is a good factor for improving of the state of raspberry fruit and for both fruits and leaves of the raspberry. 4. The proposed method of combining ozonation with drying process can be applied for the reduction of pesticide residues in the plant material. 
